The use of a new technique for the preparation of Candida albicans for transmission electron microscopy (TEM) makes it possible to obtain good morphology of the control yeast cells (Fig 1) and allows a clear follow up of drug-induced ultrastructural alterations .
The changes in ultrastructure which occur after miconazole treatment are dose-dependent and time-related . After exposing cultures of C. albicans to fungistatic concentrations of miconazole (10-8 to 10-7M) for 24 hours an increase in the volume of the cells was obvious. Morphological changes were seen at the cell periphery and consisted of proliferation of the plasmalemma and thickening of the cell wall. Numerous inclusions of varying size and electron density, limited by a thin osmiophilic membranous structure, were embedded in the walls. Aggregations of these peculiar structures occurred frequently in areas with excessive thickening of the wall or in the vicinity of buds. At these doses the number of peroxisomes had already increased and lipid droplets were more frequent. The other subcellular organelles appeared to be unaltered.
With 10-6M miconazole, the volume of the cells increased markedly and the peripheral changes were more pronounced. In the cell interior, peroxisomes became numerous and the central vacuole was filled up with variably sized vesicles and agranular material (Fig 2) .
With the minimal fungicidal dose (10-5M) most of the cells suffered severe damage. Disruption from partial dissolution to complete loss of the plasmalemma was commonly observed. The same applied to the limiting membrane of the vacuole. Heavily swollen mitochondria, multiple fat deposits, dilated membrane fragments and aggregated ribosomes were noted in the cytoplasm. It was impossible to identify nuclei or nuclear remnants in such injured cells (Fig 3) . Of particular interest was the observation that with a total fungicidal dose (10-4M) the remaining cells had a very regular, unaltered cell wall, whereas their interior was completely necrotic (Fig 4) .
Further evidence for the potent fungicidal action exerted by miconazole was given by studies with the scanning electron microscope (SEM, De Nollin & Borgers 1975) . The cells of the control culture showed up separately, having polar buds and bud scars ( Fig 5) . Exposure to Dr Sonja De Nollin miconazole in a fungistatic and minimal fungicidal amount (10-8 to 10-5M) resulted in clusters of interconnected cells. The cell surface was uniformly rough, presenting bud scars which were randomly distributed ( Fig 6) . The cells that remained after using the fungicidal dose (10-4M) of miconazole had a quite normal appearance when compared with the controls, but they were covered with large amounts of small vesicular material (Fig 7) . This material most probably consists of remnants of broken cells. This assumption is strengthened by the frequent occurrence of the walls of broken cells (Fig 7) and also by examination with TEM, which showed that apparently normal-looking cells were completely necrotic inside. One may therefore conclude that the normal size and shape of a cell seen with SEM should not be taken as a criterion of viability. Using this 10-4M dose, completely necrotic aggregations were also seen (Fig 8) .
In order to gain more insight into the morphologic involutionary processes leading to cell necrosis, taking into account the observation that the number of peroxisomes increased markedly, the distribution of oxidative and peroxidative enzymes was localized cytochemically and the activity quantitated biochemically (De Nollin et al. 1975 , De Nollin & Borgers 1976 .
Catalase activity of the peroxisomes (Fig 9) was strongly enhanced after fungistatic treatment (Fig  10) , whereas a minimal fungicidal dose resulted in the total lack of this enzyme (Fig 11) .
Another peroxidative enzyme, cytochrome c-peroxidase, was found in control cells, strong activity being present on the mitochondrial crista :.. .. .:... 
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x 42 525 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from (Fig 9) . Fungistatic treatment induced a marked decrease of the peroxidase (Fig 1 1 ). Cells exposed to a minimal fungicidal dose showed complete lack of peroxidase activity (Fig 12) . This observation suggested to us that hydrogen peroxide (H202) was involved in this cellular necrosis. A candidate for the enzyme taking part-in this metabolic oxidative system is NADH oxidase. This enzyme was present on the mitochondrial criste and on the central vacuole of control cells (Fig 12) . The NADH oxidase activity increased markedly in the central vacuoles and their contents and in the mitochondria after treatment with fungistatic doses (Fig 13) . Exposure to the minimal fungicidal dose resulted in an increase of NADH oxidase present in clumps in mitochondria and in most cases distributed all over the cytoplasm (Fig 14) . These cytochemical observations were confirmed by quantitative biochemical measurements of the enzyme activities.
From the present ultrastructural data on C. albicans exposed to fungistatic doses of miconazole, it appears that this drug provokes changes on the plasmalemma and the cell wall. Simultaneously, the number of peroxisomes increases. The other cell constituents are involved when higher doses are imposed. The changes in cell shape are probably due to an osmotic imbalance provoked by a drug-induced alteration in cell membrane permeability , Sreedhara et al. 1974 , Van den Bossche 1974 .
On the other hand, with total fungicidal doses no such changes at the periphery seem to occur. Because of this discrepancy in response towards fungistatic and fungicidal doses, it was thought that the mechanisms by which miconazole exerts its lethal effect on C. albicans might be different from that suggested by the morphologic changes at the cell periphery after fungistatic doses. This assumption was based on data on the enzymatic behaviour of oxidative and peroxidative enzymes.
These data are interpreted as follows. Control cells are equipped with a series of oxidative enzymes (e.g. NADH oxidase) necessary for energy requirements and metabolism and further, with peroxidative enzymes (cytochrome c-peroxidase and catalase) to avoid accumulation of the H202 which is formed during oxidative processes. It is well known that H202 is highly toxic to the cells. Exposure of cultures to fungistatic doses of miconazole results in a marked decrease of cytochrome c-peroxidase activity and a simultaneous strong increase of catalase activity. This increase might be indicative of an enhanced rate of production of H202 and probably represents a cellular defence reaction designed to rescue the cell from H202 intoxication. The increased NADH oxidase activity and hence a larger amount of intracellular H202 could induce catalase activity. The complete lack of both peroxidase and catalase activities after treatment with the minimal fungicidal dose, while NADH oxidase is still active, indicates that H202 intoxication may occur and that this is probably the cause of the cellular necrosis.
